n a consecutive series of 498 patients with 528 fractures of the femur treated by conventional interlocking intramedullary nailing, 14 fractures of the femoral neck (2.7%) occurred in 13 patients. The fracture of the hip was not apparent either before operation or on the immediate postoperative radiographs. It was diagnosed in the first two weeks after operation in three patients and after three months in the remainder.
I
n a consecutive series of 498 patients with 528 fractures of the femur treated by conventional interlocking intramedullary nailing, 14 fractures of the femoral neck (2.7%) occurred in 13 patients. The fracture of the hip was not apparent either before operation or on the immediate postoperative radiographs. It was diagnosed in the first two weeks after operation in three patients and after three months in the remainder.
Age over 60 years at the time of the femoral fracture and female gender were significantly predictive of hip fracture on bivariate logistic regression analysis, but on multivariate analysis only the location of the original fracture in the proximal third of the femur (p = 0.0022, odds ratio = 6.96, 95% CI 2.01 to 24.14), low-energy transfer (p = 0.0264, odds ratio = 15.56, 95% CI 1.38 to 75.48) and the severity of osteopenia on radiographs (p = 0.0128, odds ratio = 7.55, 95% CI 1.54 to 37.07) were significant independent predictors of later fracture. Five of the 19 women aged over 60 years, who sustained an osteoporotic proximal diaphyseal fracture of the femur during a simple fall, subsequently developed a fracture of the neck.
Eleven of the hip fractures were displaced and intracapsular and, in view of the advanced age of most of these patients, were usually treated by replacement arthroplasty. Reduction and internal fixation was used to treat the remaining three intertrochanteric fractures. Three patients developed complications requiring further surgery; five died within two years of their fracture. [Br] 2000;82-B:967-71.
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Locked intramedullary nailing is now the accepted method of treatment for isolated diaphyseal fractures of the femur in adults. 1, 2 Theoretically, this technique in an elderly individual puts the femoral neck at increased risk of fracture because of coexisting osteoporosis, often exacerbated by enforced postoperative immobility, and the presence of a stress riser at the site of the proximal locking screw.
Fracture of the neck of the femur, occurring as a late complication after nailing, may be technically difficult to treat, especially if the diaphyseal fracture has not completely healed. Despite these concerns the technique has been successfully used in patients aged over 60 years, with only two previously reported cases of late fracture of the hip.
3,4
Since we began to use locked intramedullary nails to treat all patients with femoral fractures, we have encountered an increasing incidence of late fracture of the hip. We suspected that most of these fractures were in this high-risk group of elderly patients with osteoporosis. We have attempted to define the risk factors and to discuss the clinical presentation, treatment and prognosis for this complication.
Patients and Methods
Between January 1988 and December 1997, a consecutive series of 1177 patients with fractures of the femur was prospectively entered on a trauma database recording age, gender, the mechanism of injury and the classification of the fracture. The mechanism of injury was classified as either a simple fall from standing height, a fall from a height of less than 3 m or greater than 3 m, a road-traffic accident (RTA), a sporting injury or an assault. Fractures of the femur were classified using the AO system 5 and also according to the site of the fracture, either the proximal, middle or distal third. We excluded all patients with pathological or periprosthetic fractures, those with subtrochanteric fractures with involvement of the piriform fossa or comminution extending at or above the lesser trochanter, and those with distal metaphyseal fractures with intra-articular extension into the knee. Sixteen patients (11 men, 5 women) with an average age of 24.4 years (range 17 to 54) who had combined fractures of the femoral neck and shaft were identified before surgery. They were treated with either a cephalomedullary reconstruction nail or a standard locked nail with supplementary cannulated screws to stabilise the fracture. No fractures were discovered intraoperatively.
There were 220 women and 278 men in the series with a median age of 34 years (interquartile range 22 to 71) at the time of injury. Thirty patients had bilateral fractures of the shaft of the femur giving a total of 528 fractures. In 138 cases the fracture had been caused by a simple fall, in 38 by a fall from less than 3 m, in 34 by a fall of more than 3 m, in 309 by an RTA, in six by sport and in three by an assault. The fractures were in the proximal third in 60, the middle third in 367 and in the distal third in 101. Using the AO classification, 239 fractures were type 32A, 120 32B, 68 32C and 101 were 33A.
All fractures were nailed using a standard technique 2 with a locked intramedullary Grosse-Kempf nail (StrykerHowmedica, London, UK) inserted in a cephalocaudal direction, using a fracture table and image-intensifer control. Patients were allowed full weight-bearing as soon as possible after their operation. Follow-up continued until there was evidence of radiological and clinical union. Any subsequent hip fractures were classified using the AO system 5 for extracapsular fractures and the AO 5 and Garden 6 classification for intracapsular injuries.
Statistical analysis. All information was stored on a computer database and statistical analysis was undertaken using the SPSS software package (SPSS Inc, Chicago, Illinois). We compared the subgroup which subsequently sustained a fracture of the neck with the remainder of the series to examine potential risk factors for hip fracture, including age, gender, mobility and medical state, 7 proximal femoral geometry (varus/valgus angulation of the femoral neck versus angulation within normal limits), severity of osteopenia on hip radiographs, 8 the pattern of the fracture 5 and the mechanism of injury (high versus lowenergy). Bivariate and multivariate logistic regression 9 was used to investigate any interactions between the independent variables and their ability to predict fracture of the femoral neck. A p value of 0.05 or less for a type-1 error was considered to be significant. To determine the extra risk of fracture of the hip after nailing in patients with osteoporosis we compared the risk after nailing with that in the general population, using data from the 6548 patients who had a hip fracture during the same period and census information for the catchment area of our unit. Since under 5% of hip fractures in the general population occur in patients aged under 60 years, this was used as the cut-off point for analysis. The standardised morbidity ratio was obtained by dividing the number of hip fractures observed in the femoral nailing group in patients aged over 60 years by the number expected. The expected number was determined by multiplying the person-weeks at risk in the femoral nailing cohort by the incidence of hip fracture in the general population aged over 60 years in the Edinburgh region between 1988 and 1997.
Results
Of the 498 patients (528 fractures) who had primary femoral nailing, 13 (three men, ten women) subsequently had a fracture of the femoral neck. In one patient (case 10) this was bilateral, occurring four years apart (Table I ). The total number of fractures was therefore 14 (2.65%). The median age of the patients was 80 years (interquartile range 68 to 86); all but two fractures were in patients aged over 60 years. The incidence of fracture of the femoral neck in patients aged over 60 years after femoral nailing was 6.9% compared with 0.6% in those under 60 years. Seven of the original injuries were fractures of the proximal third of the femur and 12 followed a low-energy injury. When compared with the incidence of osteoporotic hip fracture in the general population the standardised morbidity ratio of hip fracture after nailing was 5.64 (95% confidence interval (CI) 2.91 to 9.85). The ratio was greater in women and with increasing age, although neither of these differences was statistically significant.
On bivariate logistic regression analysis, fracture in the proximal third, low-energy injury, age over 60 years, female gender and osteopenia were the only factors at the time of the initial injuries which were significantly predictive of the development of a subsequent fracture of the femoral neck (Table II) . Five of the 19 women over 60 years of age who had an osteoporotic fracture of the proximal femoral diaphysis during a simple fall subsequently developed a fracture of the femoral neck. On multivariate analysis, only a fracture in the proximal third of the femur, low-energy transfer and severity of osteopenia were significant independent predictors of later fracture of the hip (Table II) .
Three fractures (cases 1 to 3) occurred during the first two weeks after primary surgery and the remainder after at least 12 weeks (Table I ). All fractures in the early postoperative period were detected because of increasing pain at the hip during mobilisation. The fracture of the neck was not apparent on the initial preoperative or postoperative radiographs in any of these three patients. One had suffered a further fall from a standing height. In all the remaining patients who sustained a hip fracture later than 12 weeks after nailing, there was a history of a further fall from a standing height, resulting in the acute presentation when the hip fracture was diagnosed. The median time to late fracture of the femoral neck was 33 weeks (interquartile range 16 to 58), with all but two late fractures within 60 weeks of femoral nailing.
Two of the three fractures (one intracapsular, one extracapsular) diagnosed in the early postoperative period were stabilised using long cephalomedullary nails and one of these united uneventfully. Reduction of the other femoral fracture was lost when the patient mobilised, but both the fracture of the hip and shaft subsequently healed after traction for 12 weeks. The third patient, who was elderly and too unfit to undergo a further procedure, died one week later.
Two patients sustained a late fracture of the hip in the intertrochanteric region; both had healed femoral fractures and the hip fractures united uneventfully after removal of the nail and insertion of a dynamic hip screw (Table I ). The nine patients who sustained late displaced intracapsular fractures also had healed femoral fractures and the hip fracture was treated in all cases by prosthetic replacement of the femoral head (Table I) . One patient developed a refracture of the femur after revision to a short-stemmed bipolar hemiarthroplasty. This was treated with a retrograde supracondylar nail and healed uneventfully (Fig. 1) . Another patient developed recurrent dislocations after total hip replacement which were attributed to malposition of the acetabular component. The problem subsequently resolved after revision to a cemented bipolar hemiarthroplasty. Of the 13 patients in our series, five died within two years of their fracture (1 to 80 weeks). The other eight patients remain alive at a median follow-up of 220.5 weeks (interquartile range 78 to 334.5) after fracture of the hip.
Discussion
Concurrent fractures of the neck and shaft of the femur usually occur in young men after high-energy injury. 10, 11 Both fractures are usually produced by the original injury, although in up to 30% of these cases the hip fracture may be missed at the initial presentation, 11 or may be produced at the time of insertion of the nail. 12, 13 In our series, the patients with a fracture of the neck after femoral nailing formed a separate group; they were older, more commonly women, and the original fracture was more likely to have been a fracture of the proximal third of the femur after a simple fall. We estimated that these patients had a fivefold greater chance of hip fracture than the general population. They were more osteoporotic or more susceptible to falls and were therefore at a greater risk of subsequent injury. The fractures which were recognised in the early postoperative period could have been produced at the time of the original injury and not identified at operation or they might have resulted from a further low-energy injury during rehabilitation. Two of the three femoral fractures occurred after a simple fall and only one of these patients had a history of a further fall after nailing. It therefore seems more likely that these lesions were produced as intraoperative stress fractures during insertion of the nail and which subsequently displaced during early weight-bearing in the postoperative period. Intraoperative fracture has been attributed to a valgus neck-shaft angle of the femur, an incorrect entry point for the nail, excessive force during insertion, or by completion of an unrecognised pre-existing fracture line. 3, 12, 13 None of these factors appeared to be significant in the three patients who developed early fractures in our series. It is important to recognise that pain in the hip in an elderly patient after nailing may indicate a fracture, even if the initial postoperative radiographs are normal. Additional risk factors may also be important in the aetiology of late fractures of the hip. These include a stress riser close to the femoral neck, in addition to the accelerated bone loss resulting from enforced immobility produced by the femoral fracture. In the only other series to have reported specifically on nailing of femoral fractures in the elderly population, there were two cases of fracture of the hip, one of which occurred in the early postoperative period and the other as a late complication.
3 Extracapsular fractures occurred in three patients in our series and in all three the femoral head was preserved, either by using a long reconstruction nail when the femoral fracture was unhealed or by removal of the nail and insertion of a dynamic hip screw when the femoral fracture was healed. The remaining 11 hip fractures were intracapsular, and all were displaced. In view of the risk of nonunion and avascular necrosis in this predominantly elderly group of patients, we have adopted a policy of prosthetic replacement of the femoral head for the late intracapsular fractures. Treatment of these injuries demands attention to the hip fracture and also to the site of the previous femoral fracture. Even after apparent healing of the shaft, removal of the nail to insert a conventional hip prosthesis may place the patient at risk of sustaining a further fracture below the prosthesis, as occurred in one of our patients. If the femoral head is sacrificed we feel that a long-stemmed replacement should be used in all cases to protect the site of the previous fracture of the shaft.
The incidence of late fracture of the hip after femoral nailing is likely to increase in view of the increasing use of this technique in the elderly. In addition, many young and middle-aged patients treated by this method do not undergo routine removal of the implant after union of the fracture and this may lead to a greater risk of hip fracture in later life. Fractures of the femur in the elderly carry a poor prognosis with a rate of mortality which is comparable with that of hip fracture. 3, 4 Any complication requiring reoperation, including late fracture of the femoral neck, is likely to compromise the prognosis further. Use of the locked cephalomedullary reconstruction nail addresses the unrecognised and intraoperative fracture of the femoral neck, and may also protect the femoral neck from subsequent fracture. We are now evaluating the effectiveness of the primary use of this implant in protecting the femoral neck from further fracture in the 'high-risk' elderly patient with an osteoporotic fracture of the proximal femur.
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